INTRODUCTION
Atolls have always been evocative and seductive reef structures, and once geologists and biologists started wondering how many there are, that number became a question of high interest. However, few studies address the answer, and indeed, given their global nature and variability of form, an exact number may be difficult to come by, or to agree upon. Edwin H. Bryan, Jr. (Figure 1 ) started as a curator of botany and entomology at the Bernice P. Bishop Museum in Honolulu in 1919 and stayed there for 60 years, a period that was interrupted only by World War II. Islands, atolls in particular, fascinated him, and having traveled to so many, he decided to tally how many there were. His checklist (Bryan, 1953) included those with lagoons and islands, as well as limestone structures with dry land and no lagoon. However, he excluded submerged atolls and he often (but not always) excluded atolls next to high islands and other landmasses to avoid confusion caused by atolls keeping close company with other types of reefs. He also excluded atolls that had been uplifted. His grand total was 409, although he hedged that figure, noting that some in his list were not typical, and when those explanations were factored in, the number became "about 400." Bryan's list was challenged almost immediately by Cloud (1953) who suggested that it was inflated by the inclusion of roughly sixty table reefs (described below). Cloud also took issue with the inclusion of 26 atolls in the Caribbean that he categorized as submerged banks, and in conclusion, he estimated that there are "330 or so known and probable atolls."
By considering only those arising from deep ocean basins, Menard (1986) lowered Cloud's number to 261, although he gave no basis for that determination. Stoddart (1965) was a bit more accepting of Bryan's list, but counted the entries a little differently by including the northern and southern halves of the same structure in the Maldives, and others that Bryan included as subsets of a single atoll. That resulted in Bryan's count becoming 425, although Stoddart agreed that taking table reefs and lagoonless banks out and adding new information made "about 400" seem right. Those two numbers, 425 and ~400, have been quoted many times ever since (e.g., Guilcher, 1988; Kinsey and Hopley, 1991; Andréfouët et al., 2001; Bailey and Jenson, 2014; Gischler, 2016 ). Bryan's data are worth reexamining after more than 60 years. There is a considerable literature that has developed, including a few comprehensive regional studies that have taken place in the interim, a coral reef atlas of the world (Spalding et al., 2001) , and an extensive satellite record, to augment that information. The present work is a re-evaluation of Bryan's list.
Atoll Islands and Rims
An all-encompassing definition of atolls should require an assessment of their wide variation in form, as well as their numerous exceptional features. Wiens (1962) presented the long version, which included three and a half pages of text, four figures and a table. Ladd (1977) gave a more parsimonious and unsatisfyingly brief definition of an atoll as an annular reef whose rim develops at or near the sea surface and encircles a deeper lagoon. Gischler (2016) added more texture, describing them as circular or irregularly shaped, isolated oceanic reef structures at or near sea level that enclose a lagoon usually tens of meters deep. The shallow and partly emergent margin of atolls contains the rim and its components (the reef crest, the reef flat, sand apron and marginal islands), the sum of which is typically much smaller than the lagoon area. These elements are briefly described below.
MacNeil (1972) divided coral islands into three types, including those forming on platforms or eroded remnants of the rim, on tracts of coralline storm debris, and on sand bars or beach rock. Islands on atolls are typically low (2-4 m) and are composed of biologically derived carbonate sand, gravel and reef rubble, the development of which is driven by the prevailing oceanographic climate, including proximity to the trade-wind belt and the prevalence of cyclones, storms and swell (e.g., Woodroffe, 2011) . In areas of low storm frequency, islands are often built as sand cays from unconsolidated reef sediments, whereas in areas where storms are more common they tend to be rimmed by shingle and gravel, especially on the windward side, and are sometimes referred to by their Polynesian name, motu (Stoddart and Steers, 1977; McLean, 2011) . Atoll islands are often asymmetrically distributed toward the windward side, although symmetrical island formation may occur around the rim in regions exposed to monsoonal wind reversals or frequent El Niño conditions (Kench et al., 2006; Woodroffe, 2008) .
Reef flats are the most recent expression of coral reef growth at sea level and may exhibit coraldominated and rubble-dominated forms, depending on the relative wind and wave energy conditions to Figure 1 . Edwin H. Bryan, Jr. (1898 -1985 , curator of entomology at the Bishop Museum and author of "A Check List of Atolls." Courtesy of the Pacific Science Association, Honolulu.
Atoll Morphology
Atolls exhibit a wide variety of shapes, and even though many of them are ellipsoidal (Stoddart, 1965) , others are quite irregular. Atafu Atoll in the Tokelau Islands, for example, is triangular. Rose and Nukufetau atolls are square. South Minerva (Tonga) forms a figure eight. There are those that resemble a bonnet (Arno, Marshall Islands) or a spindle (Barque-Canada, South China Sea). With some imagination it is possible to see some that resemble a comma (Xuande, South China Sea), an elf's shoe (Hao, Tuamotu group), a planula larva (Parece Vela), and even a shark (Karang Kaledupa, Indonesia). In addition there are atolls with lagoons that are only partly enclosed due to submergence of part of the rim (Glorioso, western Indian Ocean), those with lagoons that display altered salinity or oxygen levels (Palmyra, Line Islands), and some that are nearly dry (Starbuck, Line Islands) or largely filled with mud and guano (McKean, Phoenix Islands) .
While Appendix A is widely inclusive, it excludes reefs without lagoons and platforms with flat islands that Bryan (1953) called "pancakes," although they are noted after each geographic section. The term "table reef" is often applied to such structures. They are small, flat-topped, isolated reef platforms that rise from the deep ocean to the surface or near the surface and are covered at high tide (Tayama, 1935) . Cloud (1952) modified Tayama's definition to include lagoonless oceanic platforms that develop islands. There may be a single table reef island (e.g., St. Pierre in the Seychelles Islands, Indian Ocean) or two (e.g., Poivre in the Amirante Islands, western Indian Ocean), or even a chain of them (e.g., Makin in Kiribati; Woodroffe, 2008) . Filling the lagoon with sediment is a common mode of producing islands with a fringing reef from an atoll predecessor, as has occurred on some of the Tuamotu islands and is now occurring on others as described below. Guozhong (1998) used the term "table-like atolls" to bridge the gap between small, closed atolls and submerged table-like platforms in the South China Sea. I included the table-like forms with cautionary notes, although I did not include the eight table reefs he presented in his compilation of 70 atolls, nor did I include structures that are better described as submerged banks. These details are enumerated in Table A .6 and its accompanying descriptions of the South China Sea.
A Definition of "Atoll Reef" Bryan (1953) included in his list atolls whose sole emergent attribute was a cluster of rocks exposed at high tide and excluded those that were even slightly below the surface. I specify both types, those near the surface or within a few meters of it at low tide, as "atoll reefs," as prescribed by Maragos and Williams (2011) . These reefs are shallow enough to induce surface-breaking activity on the reef crest and flats (e.g., Gischler, 2016) , and they possess a well-defined rim and lagoon, often fringed with a sand apron when viewed by satellite (e.g., Figure 2d ). Atolls with rims that lack such distinct zonation in satellite imagery (e.g., Figure 2e ) are not included in Appendix A. Based on Adolphus, Blenheim, Île Desroches and Kingman reefs, whose rim depths are known and appear to fit this description, the satellite-view limit of an atoll reef is probably closer to 10 m than it is to 25 m, the minimum depth for a drowned atoll (Abby and Webster, 2011, and details below) . Therefore a depth of 10 m or less is the approximate limit for atoll reefs listed in Appendix A, although it is recognized that some atolls with rims lying 10-25 m below the surface may exhibit vigorous coral growth in favorable locations. Atoll reefs may develop islands, but they are typically a small proportion of the rim area. For the purposes of classification, I set the limit of island development for this category of atolls at <5% of the rim area. Rim measurements were estimated using Google Earth Pro by drawing a perimeter around the reef flat and subtracting the lagoon area less the apron. Island areas were determined individually, summed, and expressed as a percentage of the rim. I calculated island areas selectively, focusing on those atolls where, by my estimate, they constituted 10% or less of the rim area. For area calculations in Landsat I used ImageJ, and in one instance (Cato Reef, Coral Sea) where I could find no photographic record I used the same method to calculate island area from the chart description. , an atoll reef rising from ~1400 m to within a few meters of the surface; clearly defined rim, no islands; wave breaks at right on reef crest; dark margin at right is a possible lagoon slope back reef, and a sand apron is clearly developed; lagoon 14 m deep "with many coral heads" (Hancox and Prescott, 1995) . (e) Adolphus, a submerged atoll (16.2915°S, 179.3333°W) in the Ringgold group of Fiji; up to >7 m deep (Agassiz, 1899); rim poorly defined in Landsat imagery. (f) Tikei, a table reef island formed from an atoll with a sedimentfilled lagoon, Tuamotu group, French Polynesia; island elevation 10-12 m; note filled channel (*) still visible, upper right. (g) Niau, a closed atoll in the Tuamotu group. The shallow lagoon owes its unusual color to green macroalgae and cyanobacterial mats that dominate the bottom. (h) Teraina, Line Islands; Holocene emergence has isolated and diminished the lagoon, now freshwater with two nearby peat bogs (*) representing lagoon remnants. Figures  (a) , (d), (f), (g) rotated to fit page format; figures (b-e) LandsatLook Natural Color imagery; figures (a), (f), (h) courtesy of DigitalGlobe/TerraMetrics; figure (g) European Space Agency.
Atoll Names and Locations
The spelling of many atolls has changed over the last six-plus decades, and there is additional variability depending on the country that lays claim to them. Gouzhong (1998), for example, uses Chinese names that are often not shared by neighboring nations or by commonly available databases. Alternative names used on standard charts are provided. In other cases, names have changed from European to Polynesian or Divehi (Maldivian), and, to make it more difficult, there are numerous variations in the phonetic spelling of those names. Wherever possible I used the designations in charts provided by Spalding et al. (2001) . However, some atolls were unlabeled or presented spelling discrepancies, in which case I used names on NGA charts or Sailing Directions, specified in the footnotes within each island group. Some atolls have duplicate names. For example, two are named Pukapuka, including one in the Cook Islands and another in the Society Islands, although the latter is often distinguished by a hyphen (Puka-Puka). There is also a Manuae Atoll in the Cook Islands and another in the Tuamotu Archipelago.
GIS
The coordinates for each location typically were based on the lagoon or platform center using Google Earth (WGS84), or Landsat (WRS) when Google Earth imagery was not available. These data were converted to shapefiles (.shp) to produce static maps with named dots to represent each atoll. The dots were color coded to depict the type of atoll, including atoll reefs, those with open and closed lagoons, and closed atolls with altered lagoon salinities. These are presented in the appendix. In addition, an atollspecific compendium of satellite photographs is presented as a supplement to this work using the maps published here, but in interactive form using ArcGIS Online. This record can be accessed through http://maps.fiu.edu/gis/goldberg/atolls. Imagery was taken primarily from Google Earth, but Landsat or NASA imagery was substituted where necessary. In one case I resorted to aerial photography (Nantong Atoll, South China Sea), and in two others I could not find any imagery. I was also unable to confirm the appearance of several nominal atolls by any means other than chart notation, including Carondelet Reef (Phoenix Islands), Whirlwind and Ottilien Reefs (Admiralty Islands; Bryan, 1953) , Lyra Reef (Papua New Guinea; Spalding, 2001:228) , Moses Reef, Récif Lancaster or Récif President Thiers (Austral Archipelago, French Polynesia; Spalding, 2001:390) , among others, and these were not included in maps or tables presented in the appendixes.
RESULTS AND DISCUSSION

Lagoon Variation: An Abbreviated Overview of the Atoll Family
Lagoon circulation is dependent on a number of factors, including tides and storms, passages through or across the rim, and other features such as island height and distribution around the atoll. Shallow rim passes (hoa in Polynesian) may vary from tens to hundreds of meters wide across the reef flat, but despite being ≤1 m deep, they facilitate exchange of lagoon and ocean water through breaks in island continuity (reviewed by Stoddart and Fosberg, 1994) . There are 78 atolls with lagoons in French Polynesia (Salvat, 2009) , although there are also four former atolls with filled lagoons (Akiaki, Nukutavake, Tikei and Tepoto Nord) and one (Makatea) that is uplifted. These are not included in the totals (see Table A .10). The 78 with lagoons include 71 in the Tuamotu group, 5 in the Society group, 1 in the Austral Islands and 1 in the Gambier group. On most of them, hoa are numerous (e.g., Figure 3a ) and are sufficient to exchange water with the tides on a daily basis, even among lagoons that are closed (see below). However, on several of these atolls where hoa are poorly developed, there is a more limited exchange. For example, eight atolls in French Polynesia have only two shallow hoa and sixteen have only one. These may become functional only during swell conditions, and in some cases water renewal may depend almost entirely on cyclonic events (Salvat, 2009) . Salinities may thereby become altered compared with oceanic water. However, the absence of hoa is not always an impediment to lagoon circulation. On the atolls of Manahiki and Rakahanga in the Cook group, for example, the windward side is a wall of islands, but large waves force water over the rim (Callaghan et al., 2006) . Waves may also break on the reef flats and be driven across (e.g., Majuro in the Marshall Islands; Kraines et al., 2001) .
In other cases, factors in lagoon circulation are more complex and include combinations of surf and tide that impel waters over the rim, as well as into and through deeper channels, called ava in Polynesian (Woodroffe, 2011) , that cut through the rim (e.g., on Enewetak; Atkinson et al., 1981 ). An example of hoa and ava entrances to the lagoon is shown in Figure 3b . Likewise, if the lagoon's fetch is large enough, and if the geometry of the bottom facilitates it, wind-driven waves inside the lagoon may be an additional and even a dominant circulatory force (e.g., Andréfouët et al., 2001; Montaggioni et al., 2015) . There are even a few instances in which lagoons appear to be quite open but nonetheless develop a degree of hypersalinity, as on Glover's, Lighthouse and Turneffe reefs of Belize (Table B. 1; Hauser et al., 2007) . The main lagoon of Turneffe is 8 m deep and exhibits restricted circulation due to mangrove development (Gischler, 2003) . The other two Belizean lagoons are somewhat deeper (<18 m), but the factors responsible for elevated salinity in them have yet to be clarified.
In general, there is a positive relationship between atoll area and maximum lagoon depth (Purdy and Winterer, 2001; , although lagoon circulation and its renewal time is complicated by features of the rim and local hydrodynamic conditions. On large, relatively open atolls such as Enewetak (area > 1000 km 2 , Marshall Islands) where the lagoon extends to a depth of more than 60 m, renewal time may require 30-120 days (Atkinson et al., 1981) , whereas on 35 m deep Rangiroa (Tuamotu Islands, area > 1700 km 2 ), estimates suggest that lagoon circulation may require 155 days . The renewal of water in deep lagoon systems appears to depend on the presence of deep passages through the rim (e.g., Atkinson et al., 1981; Kench, 1998; Suzuki and Kawahata, 1999) . On small atolls where lagoons may be shallow and open, circulation may be very rapid ). However, on Nukuoro (Caroline group), where the rim encloses an area of only 37 km 2 , the lagoon reaches a depth of 99 m. Likewise on Ngatik in the Caroline group, the rim surrounds an area of 55 km 2 (with the exception of a single, narrow, 11 m deep channel), but the lagoon is 159 m deep (Purdy and Winterer, 2001) . Little is known about the circulation mechanics or renewal times of these unusual systems.
Tidally Dominated, Semi-Closed Atoll Lagoons
On some atolls a single passage through the rim allows the tides to jet through the lagoon, as on Ahe, French Polynesia (Dumas et al., 2012) , among others, suggesting that in these locations tidal effects can be the primary mode of lagoon circulation. Such atolls can be referred to as "semi-closed." Aldabra (southwestern Indian Ocean) represents a more visible case of tidal influence. This atoll became stranded at 8 m above MSL as rising Holocene sea levels failed to reach the rim produced in the higher sea levels of the Pleistocene (Braithwaite et al., 1973) . The lagoon is now shallow and renewal of its water is dependent on the state of the tides. At low-water spring tides, much of the lagoon floor is exposed, except for its depressions. However, a rising spring tide may extend to greater than 3 m above MSL and enter through restricted channels as it returns ocean water to the lagoon (Stoddart et al., 1971; Pugh, 1979) . Much smaller Astove Island is likewise emergent; its 0.5 m deep lagoon is all but closed, save a single channel, and it functions in much the same manner (Bayne et al., 1970) . Such tidally dependent atolls are included in Appendix A.
Closed Lagoons
Some atolls may develop rims that are continuous and form closed lagoons (e.g., Salvat, 1985) . Indeed, there are 104 such atolls listed in Appendix A and in the appended maps. The distinction between open and closed systems is demonstrated in Figure 3 . However, there are some variations, including atolls with shallow channels that are deeper than hoa (e.g., narrow 4-5 m deep passes on Lae and Utrik atolls, Marshall Islands) but are navigable only given the draft of the vessel and the skill of the navigator.
Similarly, atolls such as Malum (Bismarck Archipelago) and Olimarao (Caroline Islands), among others, may have navigable passes, but their depths are not described on standard charts. There are also many with artificial channels, including some that allow the passage of large vessels but provide little effective oceanic exchange to the lagoon (e.g., Palmyra Atoll). Kiritimati Atoll (Line Islands) combines a large, open lagoon with numerous inner lagoons that are closed as described below. Although most closed atolls in the Tuamotu group are not totally isolated from the ocean, there are a few that exhibit brackish water or hypersalinity (Figure 3c ; Table B .1). This occurs as a function of overwash by storms and cyclones on one hand counterbalanced on the other by the relative amounts of rainfall and evaporation (Pirazzoli et al., 1988) . Nonetheless, most retain a distinctly marine fauna in the lagoon, although some are dominated by just a few species of bivalve mollusks and holothurians (Adjeroud et al., 2000; Salvat, 2009 ). Because of dependence on wind and wave-driven mixing, such closed atolls are more susceptible to mass mortalities than open systems, likely triggered by several weeks of unusually calm weather conditions (Andréfouët et al., 2015) . This may contribute to the depauperate condition of their lagoons.
In other instances, closed and apparently isolated lagoons may maintain some degree of tidal connection by means of channels and fissures in the reef platform. This may be the case for Niutao and Nanumanga (Tuvalu), where salt-water flushing at high tide maintains the marine character of their lagoons even as high levels of detritus, among other factors, may facilitate the development of extensive mangrove forests around them (Woodroffe, 1987; Wester et al., 1992) . However, these lagoons have also been reported as brackish (Krüger, 2008) , perhaps due to heavy rainfall. By contrast, Indonesia's Kakaban lagoon is tidally flushed and is clearly marine even though it is 60 m above sea level, as described below. As a distinctly different system, McKean Island's 26 ha lagoon (Phoenix Islands) is nearly filled with guano and carbonate mud, but it is covered and uncovered with seawater depending on the state of the tide (Dana, 1979) .
Some atolls in the central Pacific have entered a late stage of development in which subsidence is now irregular or has ceased entirely. As a result, when relative sea levels fell by perhaps 1 to >2 meters during the late Holocene (e.g., Woodroffe et al., 1990; Woodroffe and McLean, 1998; Dickinson, 2004) , a number of lagoons became isolated and emergent. Starbuck Island's lagoon (Line Islands) is now hypersaline, although it tends to dry except for its deeper pools (Keating, 1992) . Laysan Island's lagoon (Hawaii) is also hypersaline (Caspers, 1981; Athens et al., 2007) . Similar reports of high salinity have been made for lagoons on Enderbury and Manra in the Phoenix Islands (Wiens, 1962) , although they also have been reported as brackish (Obura, 2011) . Other small, shallow and isolated lagoons in the Phoenix Islands (Rawaki, Birnie, and others) may be subject to salinity swings, perhaps accounting for similar reports of brackish water by some (Pierce et al., 2006; Obura, 2011) and hypersalinity by others (Thorson et al., 2008) . Kiritimati (Line Islands, Kiribati) still retains the marine character of its main lagoon, which is open, occupies a third of the interior, and is influenced by tidal exchange. However, the rest of it is subdivided into hundreds of isolated channels and saline ponds by karstified paleoreef ridges. The ponds that are farthest from the main lagoon tend to be hypersaline, some of them >150‰ (Saenger et al., 2006) . By contrast, the salinity of the 10 m deep lagoon on Olosega (Swains Island, American Samoa) is 4-5‰ despite being elevated only 3-4 m above sea level (Van Tilberg et al., 2013 ). Pulusuk's lagoon (Caroline Islands) is 1-4 m deep and becomes fresh water with sufficient rainfall; otherwise it is oligohaline (Wester et al., 1992) .
Teraina (northern Line Islands, central Pacific) is quite unusual. Most of the island has become emergent and is now 3-5 m above sea level. However, at its center is a freshwater lake (Lake Washington) that is 7 × 2.5 km across and about 10 m deep ( Figure 2h ). Its limnetic character is maintained by locally high rainfall, typically 2900 mm annually, although that figure can double in El Niño years. Interestingly, the lake bottom contains fossil Acropora and Tridacna in place, indicating a once-active lagoon reef. There are in addition two peat bogs, one adjacent to the lake and another at the western end of the island, that formed during the last 1150 and 1060 years, respectively (Wester et al., 1992; Saenger et al., 2006) . I have noted and included islands with closed lagoons containing brackish, hypersaline, and other anomalous features in Appendix A, as well as in the appended maps, and I list them separately in Table B.1. Clipperton Island, isolated in the eastern Pacific, is only 2-5 m above sea level, similar to Teraina. However, its lagoon closed when the only channel to the ocean was cut off by sedimentation some time during the 1850s, whereupon the lagoon became stratified. The upper 10 m is now oligohaline (~5‰), and while it is euhaline below that, the deeper lagoon (dmax = 37 m) is totally anoxic with high levels of H 2 S. This meromictic system is unique among atolls (Charpy et al., 2010) . However, Clipperton is an almost-atoll (near atoll), an annular reef with vestiges of volcanic material that will disappear with continued subsidence (Davis, 1928; Stoddart, 1975; Scott and Rotondo, 1983) . Others include Aitutaki (Cook Islands), Hermit Islands (Papua New Guinea), Exploring Isles (Fiji) and Maupiti (Society Islands, Figure 2b ). I included examples of almost-atolls in each geographic section of Appendix A, although I did not list them comprehensively and I did not count them as atolls.
The islands on Akiaki, Nukutavake, Tikei and Tepoto Nord (Tuamotu group, Figure 2f ) have developed high dunes and these have served as a natural conduit for sediments blown into the lagoon by storms. These former atoll lagoons are now filled (Rougerie et al., 1997) and have been converted to table islands and reefs. They are noted in Appendix A but are not included in the totals in Table A .21. The same process of lagoon occlusion is now occurring on Tatakoto Atoll in the Tuamotu Islands (Pirazzoli et al., 1988) , as it is on Nui and Vaitupu atolls in Tuvalu (McLean and Hosking, 1991) and Chetlat and Kiltan in the Lakshadweep Islands (Wagle and Kunte, 1999) , among many others. Thus storms and cyclones may play a common and critical role in the life history of atoll lagoons, especially those that are small and susceptible to being filled (Woodroffe, 2008; Salvat, 2009) . Atolls with reduced but extant lagoons are included in Appendix A.
Uplifted Atoll Lagoons
Flex and arch motions of lithospheric plates or proximity to subduction zones in tectonically active regions may elevate atolls (McNutt and Menard, 1978; Neall and Trewick, 2008) . Ouvéa in New Caledonia ( Figure 2c ) has grown over a partially uplifted paleoatoll and is now 46 m above sea level on the southeastern side. However, the opposite side of the rim is close to sea level due to tilting that took place at some time during the last interglacial to mid-Holocene (Chevalier, 1973; Dubois et al., 1974) . Maré and Lifou, its island neighbors to the south, are fully emergent paleoatolls. All three have been uplifted by the forebulge of the nearby New Hebrides Trench (Dickinson, 2013) . Niau Atoll (Figure 2g ) in the Tuamotu group is now 7 m above sea level, in part due to modest tectonic uplift associated with the proximity of the Society Islands hotspot (Pirazzoli, 1994) . In contrast with most of the other closed Tuamotu atolls, substitution of Niau's lagoon water is driven primarily by atmospheric exchange and the porosity of the carbonate (e.g., Andréfouët et al., 2001) . As a result the salinity of its shallow lagoon (~2 m deep; Tröndlé and Salvat, 2010) is reduced compared with open-ocean seawater, although it is still a marine system with its benthos dominated by macroalgae (e.g., Caulerpa) and thick cyanobacterial mats (Jehl and Rougerie, 1995; Rougerie et al., 1997) . Nunn (1994) lists some other atolls in French Polynesia that appear to have been uplifted or partially uplifted by less than a meter, including Hao, Hereheretue, Maupihaa, Nukutipipi, Tureia, Vahitahi and Temoe.
In other cases the entire atoll has been uplifted, sometimes forming spectacular cliffs due to erosion of the once-submerged carbonate. Rennell Island in the Solomon Archipelago is the most extensive of these and is up to 200 m above present sea level. Makatea in French Polynesia (113 m) and Niue (65 m) are other well-known examples of uplifted atolls (Guilcher, 1988) . Rennell retains a large, low-salinity, brackish-water lagoon (Lake Tegano) at its eastern end (<4‰; Wolff, 1970) , whereas the lagoons of Makatea and Niue have been replaced by terrestrial vegetation in what is now a large central depression (Montaggioni and Camoin, 1997; Terry and Nunn, 2003) . These are often not included as atolls and indeed Bryan (1953) left them off his list; they are also not included here. However, consider Kakaban, an atoll east of Borneo (Sulawesi Sea, Indonesia) whose rim is 60 m above sea level (Figure 2a ). While the lagoon is shallow (8.5 m) and is, not surprisingly, closed, it is euhaline, likely due to tidal communication through underground fissures and caves. As a result, the benthic community is dominated by meadows of Halimeda (Tomascik and Mah, 1994) . Bryan (1953) did not include this unusual atoll, but it is listed in Table A .8. Thus, there is a considerable diversity of atoll structure and dynamics, with multiple governing forces that often make it difficult to draw a line of exclusion based on the area, depth, salinity, elevation, and other characteristics of the lagoon.
Atoll Reefs
Some atolls that occur on subsiding volcanic platforms have failed to thrive. The term most often applied is that of a "submerged reef" or its terminological equivalents, including "drowned atoll" or "give-up atoll." Such reefs are defined as those occurring in depths from 25 m to 40 m and deeper, whose growth is or was insufficient to sustain them in the face of rising sea levels, high subsidence rates, unfavorable water conditions, or all of these (e.g., Scott and Rotondo, 1983; Beaman et al., 2008; Abby and Webster, 2011) . Coral reefs of any type at those depths may be affected by reduced light, if not temperature, and are likely to be in a marginal position with respect to calcification and growth (e.g., Kleypas et al., 1999; Grigg, 2008) . However, there is a tendency to apply this term to atolls without islands whose reef surfaces are just beneath or perhaps a few meters below the tides, where their growth is unlikely to be compromised. Wiens (1962) appreciated the distinction between the drowned condition and instances in which an atoll's rim and lagoon were covered at present sea level or at high tides. Bryan (1953) referred to these as "sunken atolls," but he did not list them. Chevalier (1973) called them "half atolls." Scott and Rotondo (1983) used the term "inundated atolls," as long as they projected some portion of the reef above sea level at low tide, and Nunn (1994) referred to atolls without islands as "ring reefs." However, atolls represent a continuum of rim structure, including some that are tilted and partially submerged, and others whose rim is largely or completely submerged in a few meters of water. Thus, a term that describes the submerged but not drowned condition of some atolls would be very useful. Sheppard et al. make Blenheim Reef (Chagos Archipelago, Indian Ocean) a case in point by stating that it is "a typical atoll in most respects except for its present lack of islands, and indeed its wave-resistant algal ridges are the best developed in the Archipelago and possibly the entire ocean" (2013:225). Their table, however, lists Blenheim as "submerged," which would be a perfectly good description were it not for its current and sometimes confusing usage. Recalling all of its atoll-like bona fides, it is noteworthy that more than half of Blenheim Reef is perched at a depth of 5 m or less (Sheppard, 2000) .
There are a great many well-formed atolls that are at or near the surface in addition to Blenheim. In Fiji, for example, most atolls are subsurface and are mixed together with a large number of nearby barrier reefs and almost-atolls. This arises from a complex regional geology that involves rotation of the Fijian platform and has resulted in subsidence of some islands while others in the same vicinity have become uplifted (Nunn, 1987; Nunn et al., 2002) . A few Fijian atolls do form islands or sand cays, but they compose little of the rim. Thus the transition between no islands and a small number relative to the rim becomes a necessary accommodation when the full spectrum of atoll morphologies is considered. Therefore I modified Maragos and Williams's (2011) definition of "atoll reef" to accommodate up to 5% of the rim above present sea level (see "Methods" above). By this standard, 24 of 25 Fijian atolls fall into this category. It is worth noting that the atolls of Fiji are so poorly known that the best reference for them is Agassiz (1899), which I consulted along with Davis (1928) , Spalding (2001) , and Landsat/Google Earth imagery to compose the list for that area.
With the exception of the notable work by Tomascik et al. (1997) , Indonesian reefs are also poorly described. In this large and geologically complex region, 25 of the 40 atolls (> 62%; Table A.8) are atoll reefs with clearly defined rims and lagoons in satellite imagery. The Banda Sea in particular contains a great many of these rising from ~400-4000 m, and few have been examined. Likewise, 49 of 52 atolls (> 94%) identified by Guozhong (1998) in the South China Sea are essentially or completely subtidal. Indeed, of all 439 atolls listed in Appendix A, 171 (39%) are atoll reefs. These are further depicted in the appended maps.
Five South China Sea atoll reefs, as well as parts of other reef systems, have been heavily dredged and filled recently to create artificial islands for military purposes, as well as for bases from which natural resources are now being exploited (Morton and Blackmore, 2001; Larson, 2015) . Indeed, in some cases such as Fiery Cross, these atolls have been modified nearly beyond recognition (see supplementary material). Although they are not atoll reefs, Johnston and Palmyra atolls, among a long list of others in the Pacific, were similarly adapted and highly modified for military use during World War II (Lobel and Lobel, 2008) . These anthropogenically modified atolls are included in Table A. 19.
Shelf Atolls and True Atolls
Lastly, while all atolls (and other reefs) are molded by the configuration of their antecedent platforms, coral reef growth, sea level change, and their wind and wave climate regime, there are two categories. Classic Darwinian forms occur on deep-water, subsiding volcanic platforms, and to some these are the only atolls. However, for this overview I included those that grew as coral-capped seamounts rather than on subsiding volcanic platforms, as Middleton and Elizabeth reefs off southeast Australia appear to be (Woodroffe et al., 2004) . More of these seamount platforms form part of the Lord Howe Chain, whose peaks extend to the reef-capped Chesterfield and Bellona atolls west of New Caledonia (Pelletier, 2007; Andréfouët et al., 2009) . Likewise, Cato, Frederick, Kenn, Mellish and Wreck reefs are atoll-like reefs atop Australia's Tasmantid Seamounts (Ceccarelli, 2011) . These and others like them are included in the list of atolls in Table A .12 and in the appended maps. Davis (1928) called all reefs lying back from the edge of a continental shelf "bank reefs," and if they had islands they were "bank atolls." Indeed, atolls with largely submerged rims were often relegated to the status of banks (Vecsei, 2000) . However, atoll-like structures that have grown on high spots of continental shelves, on their edges or their slopes, are now widely recognized as another type of atoll (e.g., Stoddart, 1962; Ladd, 1977; Tomascik et al., 1997; Gouzhong, 1998; Woodroffe, 2011) , even if they may have had different origins. Caribbean atolls in particular occur on a variety of platforms, which Geister (1983) has categorized as shelf, shelf edge, bank atoll, incomplete bank, lagoon atolls, and oceanic atolls. He considered that there are 15 such structures in the Caribbean region, fewer than the 26 listed by Bryan (1953) , but more than the conservative 10 contemplated by Milliman (1973) , whose list is adopted here. There is a distinct minority of atolls listed in Appendix A that have developed on continental shelves, although there are many more on shelf edges and slopes that display a rim and lagoon structure.
As a rule, I avoided rendering my own verdict of what belongs in Appendix A, relying on the literature and on precedent, as should be clear from the text. In some cases I was unable to confirm atoll morphology by chart or satellite view, and those were left off the list. In a few instances I added atolls, including an unnamed pair in the Banda Sea and three in the Santa Cruz Islands. These represent areas among many others where there is still much work to be done.
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Appendix A: Annotated Lists of 439 Atolls
The coordinates listed below, as well as measurements of island area, are based on Google Earth Pro. When imagery was not available from Google Earth, coordinates were taken from LandsatLook. Coordinates from both sources were taken at the approximate lagoon or platform center. The atolls listed here have been incorporated into static maps in Appendix C, Figures C.1-C. 6. In addition, supplemental material available from http://maps.fiu.edu/gis/goldberg/atolls provides access to an interactive map in which satellite imagery is provided for nearly all of the 439 atolls presented. Imagery is primarily from Google Earth and Landsat but is supplemented where necessary by NASA archives and in one case by aerial photography. I was unable to locate imagery for two atolls.
The tables that follow are individually numbered and organized by oceanic region and atoll group, as follows: Table A .22 -Eastern Pacific For ease of use and reference, individual atolls are assigned sequential numbers. Explanatory text making reference to specific atolls makes note of the atoll's number in the tables. There are 171 atoll reefs indicated throughout all tables by an asterisk (*). Atoll reefs are those with less than 5% of their rim developed as islands or cays (measured using Google Earth Pro), or atolls completely immersed at low tide, but with visible and prominent rim and lagoon. In addition there are 104 atolls with closed lagoons indicated in the tables by a dagger ( †). Closed lagoons are those with rims that lack a navigable channel or passage to the lagoon and include those that are completely enclosed by island development, those with hoa, or those with open reef flats that represent an unbroken rim. Atoll reefs were not evaluated as open or closed systems.
ATLANTIC OCEAN 11 Atolls
Bryan lists 26 atolls for the greater Caribbean, and Geister (1983) lists 15, but a more probable estimate is 10 (Milliman, 1967 (Milliman, , 1969 (Milliman, , 1973 
INDIAN OCEAN 56 Atolls
One atoll in the Red Sea, Sanganeb Atoll (no. 12), is tentatively included in this count. Sanganeb is referred to as an atoll (e.g., Head, 1987) , but status other than atoll geomorphology is controversial (Reinicke et al., 2003) and there are others similar to it in the vicinity.
For general descriptions of western Indian Ocean reefs see . Aldabra (19) is a large emergent atoll (4.5-8 m) with lagoon open to tidal flushing (Stoddart et al., 1971) . Astove (21) is an elevated atoll, tilted 4-5 m on the west with a closed, shallow (0.5 m deep), and tide-dependent lagoon that drains at neap and fills with spring tides (Bayne et al., 1970) . Glorioso Islands and reef (22) partially enclose a shallow V-shaped lagoon that is submerged 9 m at its northern side (NGA chart 61300). Scott Reef (31) consists of two atolls on one platform, circular Scott Reef Central and horseshoe-shaped Scott Reef South. Mermaid Reef (32) was not listed by Bryan due to its coverage by the tides. Three are added to the list: Bassas da India (13) and Blenheim Reef (23) are shallow with rocks or cays awash on part of the rim; Île Europa (14) is elevated but retains a channel-like lagoon that is open (Quod et al., 2007) . The lagoon at North Keeling (28) is partially infilled and has become diminished by rapid subsidence (Woodroffe et al., 1991) .
Bryan lists 32 atolls in the Chagos Archipelago and in the western Indian Ocean, but twenty of them have not been included because they are not typical of atoll morphology and are best considered as table reefs (Stoddart, , 1973 (Stoddart, , 1984 Turner and Klaus, 2005; Hamylton et al., 2012) . These include 16 isolated islands or island groups-Agalega, Cargados Carajos and Coco Reef, Cerf Islands and Île Tromellin. Additional table reefs are found in the Seychelles Archipelago-Bird, Coëtivy, Denis-as well as in the Amirante Archipelago-African Banks, Boudeuse, D'Arros, Remire (Eagle), Etoile, Île des Noeufs, Marie Louise, and Poivre (Spalding et al., 2001; Spencer et al., 2009) . Satellite views indicate that Île Desroches and Platte are islands perched on atoll-like platforms that are submerged, the former to a depth of up to 18 m (Deshmukh et al., 2005) . NGA Chart 63005 suggests that this shelf is at least 10 m deep and the coordinates listed in Table A .4 mark its center. Chetlat and Kiltan islands (37, 39) are growing and their lagoons are filling in (Wagle and Kunte, 1999) . Other Lakshadweep descriptions are found in Sinha (1994) and Prakash (2015) . There are 250 atolls in the western Pacific Ocean, including the marginal seas of Indonesia, South China, and the Philippines. The South China Sea (Table A.6) exhibits three types of atolls, including those projecting from the deep ocean and those on the continental shelf and continental slope. Slope atolls are the most common; however, among the seventy that are listed by Guozhong (1998) , several are not included here: Zhongsha (Macclesfield Bank, >19 m), Lilu (Reed bank, >16 m), Yongdeng and Lesi (Trident and Lys Shoals respectively, >18 m), Changtan (no English name-its position corresponds to the northern segment of Loaita Bank, >10 m), Nanwei (Rifleman Bank, several shallow areas at margins, but general depth > 20 m), Nanfangtan (Southern Bank, >13 m), and Mahuan (no English name, >45 m). These are large, mostly submerged, rimmed or partially rimmed banks. Banlu (Hardy Reef), ~6 km diameter, also appears to be submerged. Andu (Ardasier Bank, >41 m) was eliminated for the same reason, but Ardasier Reef (116) is an atoll reef at the western end of Ardasier Bank and is retained here as listed by Guozhong (1998) . Seahorse Shoal (82) is submerged but has a visible rim at 4-7 m and is tentatively included. Dongdao (including Lincoln Island) was listed as an atoll, but it lacks a lagoon and is a table reef. Scarborough Shoal (76) is an oceanic atoll added to the list. Three atolls referred to (but not listed) by Guozhong on the continental shelf west of Sarawak (North and South Luconia Shoals) were not included due to poor satellite and chart description. Five atolls with significant natural islands are also noted: Xuande (70), Yongle (71), Zhongye (78), Daoming (83) and Zhenghe (85). Daoming (83) includes 25 ha Lankiam Cay and 6 ha Loaita Island but is a large, mostly subtidal atoll with several exposed reefs. Zhenghe (85) is also large and mostly subtidal, except for one 50 ha island; prominent reefs include Gaven, Petley and Eldad. Gaven Reef has been dredged and filled. Quyuantan (90) is a large atoll reef with numerous, mostly subtidal shoals, including V-shaped Whitsun, Johnson and Hughes reefs and one 8 ha island. Johnson and Hughes reefs have been dredged and filled. Guozhong (1998) The Philippines includes just two atolls (Table A.7). Bryan (1953) noted Sibutu atoll (121), which at the time was placed in Indonesia, but he did not include it in his checklist due to its tilted condition. Reflecting this, the atoll island east of the lagoon is more than 10 m elevation. Farther east, boomerangshaped Sibutu Island is elevated more than 20 m (see supplemental material).
In Indonesia, 55 atolls are listed by Tomascik et al. (1997) , including one that is raised and has no lagoon, three that are submerged, and six almost-atolls. In addition to these ten, Gosong Aurora is submerged (-7 m; Bryan, 1953 ; no imagery), Pulau Bepondi is a table reef, and one of five unnamed atolls (1°25′S, 127°25′E) could not be located. None of these (a total of 13) are included here. The total of 42 atolls listed in Table A .8 include 14 of 15 entries by Bryan (1953) and two-Taka Rewataya (127) and Rani (165)-not in Tomascik et al.'s (1997) list.
Maratua (122) is elevated to 90 m on its northwest side only; the lagoon is otherwise open. Kakaban (123) is an uplifted atoll with a closed marine lagoon. Paternoster and Sadapur atolls (130 and 131, respectively) are composed of a series of low islands on largely submerged rims; Sadapur is a large, sinusoidally arranged E-W atoll island complex. Tomascik et al. (1997) included Pasir Tengah and East Atoll (139 and 140 in the present list), but Bryan (1953) did not include them due to their proximity to the high Togian Islands. There are numerous atoll reefs that have not been described in this region, e.g. unnamed twin atolls (147) in the Banda Sea, added by author. Twenty-nine atolls are present in the area from Papua New Guinea to Vanuatu (Table A.9). Malum and Nuguria (181,182) are paired but are listed as separate atolls. Nissan Island (4.54°S, 154.20°E), which is elevated with a small island in the lagoon center (a possible almost-atoll), is paired with Pinipir Atoll (183), 2 km to the north (Spriggs, 1991) . Nissan and Pinipir together are referred to as the Green Islands. Redlick (178) is adjacent to a possible almost atoll; satellite imagery of both Redlick and the nearby (possible) almost atoll is available in the supplementary material online. Three poorly known Santa Cruz atolls (192) (193) (194) added by the author are additions to Bryan's (1953) list.
A number of islands in the same area are not considered atolls or included in this list: Manu, Aua, Wuwulu, and Asia (West Papua) are island platforms with no lagoon (table reefs); Hermit Island (1.54°N, 148.08°E) and Sikaiana (Stewart Islands, 8.41°S, 162 .89°E) are almost-atolls (Spalding et al., 2001 ); Bellona and Rennell are uplifted atolls. Other islands not listed include: three of the Admiralty Islands (Johnston, Purdy and Western), which are too small or otherwise lack sufficient detail (Landsat; Google Earth; eol.jsc.nasa; and NGA, 2005) to distinguish their structure; Papialou, Sae, Palawat and Tong, which appear to be table islands and lack lagoons; and Sabben Reef, which could not be adequately distinguished from other types of reefs around the high island of Manus. In Fiji, Bryan's (1953) eight entries are conservatively increased to 25 (Table A. (201) is <2 km. NukusemanuNanuku Reefs (200) was formerly Ringgold Atoll (Davis, 1928) ; its rim is continuous and elongated, but largely submerged in the center, except for patches along the eastern portion referred to as Heemskereq Reefs (see NGA map 83500).
In addition to several small atolls that are undescribed, there are many almost-atolls, such as North Astrolabe Reef to the south of Suva; Budd Reef (Vuana Levu) in the Ringgold group; and Exploring Isles, Reid, Argo reefs (Bukatatanoa), Aiwa and Oneata in the Lau group (Davis, 1928; Ladd, 1977; Spalding et al., 2001 ). Ceva-i-Ra, listed by Bryan, is a tiny remote atoll with an island in the lagoon, and for that reason it is not included, nor are Thakau Vau, Vuata Ono and Oni-i-Lau, atoll-like structures in the Lau Islands that display very shallow lagoons and are poorly described. Ringgold and Lau Islands atolls rise from a 1000 m deep plateau. Bryan's (1953) list of 13 atolls in the New Caledonia region is reduced in Table A .11 to six. Huon (221) and Surprise (222) are the two large atolls that comprise part of the Entrecasteaux reef complex north of New Caledonia. There are several smaller atoll-like structures or banks associated with them (see bathymetry in Garrigue et al., 2000) that are not listed separately, consistent with treatment by Bryan (1953) . Beautemps-Beaupre (224) is considered by Andréfouët et al. (2009) a bank rather than an atoll, although Chevalier (1973) described it as a submerged "half atoll." It is an atoll reef in the present list. Ouvéa (225) is partially uplifted on the eastern side (lagoon otherwise open) and is included. Chesterfield (223) and Bellona (226) atolls are large platforms supported by five guyots. They are capped with intertidal reefs on their western and southern flanks, and are drowned on the eastern margin (Andréfouët et al., 2009 ). Bryan subdivided the Chesterfield and Bellona reef complexes into five atolls. Petrie Reef, also listed by Bryan (1953) , is a submerged oceanic bank southeast of Surprise Atoll and is not included here. Bryan (1953) lists 14 atolls in the Great Barrier Reef Province, and Spalding et al. (2001) refer to many of them as such. However, Willis, Coringa, Tresgrosse and Lihou are regarded as bank reefs (Orme, 1977; Guilcher, 1988) ; only Lihou (229), which has a well-defined northern and eastern rim (per chart INT 602), is included here. Holmes Reefs (228) are twin atoll reefs added to the list. Bryan (1953) referred to Middleton Reef (237) and Elizabeth Reef (238) as sunken (atoll reefs) and did not include them. Bryan's (1953) list of fourteen Australian atolls is thus reduced to twelve in Table A .12, ten of which are atoll reefs. All project from oceanic plateaus 1000-3000 m deep, and are at varying distances from the Great Barrier Reef on the Queensland continental shelf. Bryan's (1953) total for the Caroline Islands-less Mapia, which Bryan listed under Caroline Islands but I have moved to Indonesia (see Table A .8)-is 39, compared with 34 here (Table A.13).East Fayu, Gaferut, Merir, Nama, Pulo Anna, Satawal, Sonsorol and Tobi as reported by Bryan (1953) are confirmed here as having no lagoon (table reefs), and Ngeruangl Reef (Pulau) is submerged. None of these are included in this list.
Elongated Elato Atoll (249) is connected to Toas Atoll at a depth of 20 m (Wiens, 1962) ; the two are considered here as one. West Fayu, Puluwat, represent the emergent ends of much larger submerged atolls. Minto (264) is an atoll reef not included by Bryan (1953) . Nomwin and Murilo (256 and 257, respectively) and Satawan, Lukunor and Etal (261-263) were listed previously as one group, but they are separated by depths of at least 300 m and are thus listed individually here. The area enclosed by Ngatik's (267) rim is ~55 km 2 , but despite its small size the lagoon is up to 159 m deep (Purdy and Winterer, 2001 ) and may be the deepest of any atoll. (Table A. 14). The lagoon on Wake Atoll (274) has been extensively modified by construction (Lobel and Lobel, 2008) . Marcus Island, which has no lagoon, is not included in this list.
The Marshall Islands encompasses 29 atolls divided between the Ralik and Ratak chains (Table A. 15). Lae (284) features a channel in its rim that is ~4 m deep (see supplementary material online). Utrik (293) likewise has a 4-5 m deep channel in its rim that is navigable with difficulty (NGA, 2014b). Mili (303) is attached to smaller Narikrik Atoll at its southeast by a shallow (6 m deep) submarine ridge (Wiens, 1962) ; these two are considered here as one structure. Tebano, 2008) . Conversely, Wester et al. (1992) reports that Nikunau has a marine character due to exchange of marine water through the limestone platform's fissures and caves. Nikunau's lagoon is much reduced in proportion to the island.
For Tuvalu, islands listed by Bryan (1953) as atolls include three with reduced, largely or completely landlocked lagoons with varying degrees of mangrove development (Table B. 1; Woodroffe, 1987) : Nanumea, Niutao and Nanumanga (316-318). Nanumea's lagoon is essentially closed but is altered by an artificial boat channel 450 m long, 18 m wide and 2 m deep (Xue, 2005) . There is no salinity data available, but presence of holothurians, Acanthaster and corals suggests that sections of the lagoon are euhaline (Job and Ceccarelli, 2012) . Niutao and Nanumanga are closed but exchange water through porous limestone and retain the marine character of their lagoons (Wester et al., 1992) . Krüger (2008) , in contrast, reports that these are brackish lagoons. Niulakita's lagoon is filled and thus it is not included among Tuvalu's atolls (Table A.17). There are 117 atolls in the eastern Pacific Ocean, an area including Hawaii, the central Pacific, the Cook Islands, and French Polynesia and the eastern Pacific.
In Hawaii, Laysan (327) is elevated 12 m due to glacioeustatic sea level changes (Schlanger and Gillett, 1976) ; it is now a hypersaline lagoon (Table B. 1; Caspers 1981; Athens et al. 2007 ). Lisiansky lacks a lagoon. Both were listed by Bryan (1953) , but the latter is not included here among Hawaiian atolls (Table A. 18). French Frigate Shoals (328) is an atoll reef and was not listed by Bryan. In the central Pacific, Johnston (329) is an atypical atoll structure with an emergent reef on the leeward side, possibly due to tilting (Maragos et al., 2008a) . It was formed during World War II by dredging (Lobel and Lobel, 2008) . Kingman (330) is an atoll reef 5-7 m below surface on the east and 10-15 m to the west (Maragos et al., 2008a; Gardner et al., 2014) .
In the Line Islands, Palmyra's (331) lagoons, which were heavily modified by dredging during World War II, become dysoxic/anoxic below 30 m, where their waters also develop high sulfide levels (Maragos et al., 2008b; Gardner et al., 2011 ). Palmyra's lagoon was closed until opened by an artificial channel in its southwest corner. Teraina, Malden, and Starbuck (332, 335, and 336, respectively) Bryan (1953) .
In the Phoenix Islands, four atolls' lagoons are reduced and reportedly brackish or hypersaline: Enderbury (339), Birnie (340), Rawaki (342), and Manra (343). McKean's (341) lagoon is partially filled with mud and guano and is intertidal (Dana, 1979) . In Samoa, Olosega's (349) lagoon is brackish (Table  B .1). Bryan (1953) excludes four atoll reefs listed in Table A .19: Rose, Beveridge Reef, . Minerva Reefs (352a/b) are Minerva North, a circular atoll about 6 km diameter, and Minerva South, a figure-eight atoll about 11 km in diameter (Davis, 1928) ; these are tentatively treated as one pending bathymetric report. (Wester et al., 1992) , and Takutea has no lagoon. Neither is included in Table A .20, nor is Aitutaki, an almost-atoll (Stoddard, 1975) . Pukapuka (356) has a small channel (apparently not navigable) through the northwest rim and is closed. The rim surrounding Manuae (359) lacks a channel and is here categorized as a closed atoll, even though the rim (excluding the portion developed as islands) appears to be subsurface. With the exception of Manuae, other reef islands in the southern Cook group are uplifted in response to nearby volcanic Rarotonga (Woodroffe, 1991) and are not included. There are 83 nominal atolls in French Polynesia, 76 of which are in the Tuamotu group. However, four of the Tuamotu islands are filled and no longer present a lagoon (Akiaki, Nukutavake, Tepoto Nord and Tikei), and Makatea is uplifted. These are not included in Table A .21. Therefore, despite literature with contrary numbers, there are 78 atolls with lagoons in French Polynesia (Salvat, 2009) , including 71 in the Tuamotu Archipelago, 5 in the Society Islands, 1 in the Gambier group, and 1 in the Austral group, as listed here. Maupiti is an almost-atoll (Society group), as is Mangareva (Gambier group); these are not included. No satellite imagery was available for Moses Reef, Récif Lancaster or Récif President Thiers (Spalding, 2001:390) . These reefs in the Austral Archipelago are also not included.
There are 53 atolls in French Polynesia with closed lagoons. Takapoto (370) and Taiaro (378) lagoons are modestly hypersaline; likewise, Niau's (386) lagoon is elevated, closed, somewhat brackish, and may develop reduced oxygen levels (Table B.1). Bryan (1953) to the listing of atolls for the eastern Pacific (Table A.22) . Clipperton atoll is elevated with a closed, meromictic lagoon. It is referred to as an almost-atoll due to a small volcanic protrusion from the rim (Glynn et al., 1996) . Henderson Island, an uplifted atoll with no lagoon, is not included. Îlot de Sable in the Marquesas group, listed by Bryan (1953) , appears to be a table reef: NGA Sailing Directions (2014b) report breakers over this small atoll reef, which is subsurface save one small sand cay. 
